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During an invest igat ion of the spectra  of highly 
ionized ions w e  have found weak l i n e s  t h a t  could not be 
re fer red  t o  t r ans i t i ons  between energy levels that are below 
the  f i rs t  ion iza t ion  poten t ia l .  
In  general  i t  is  easy to  recognize such l i n e s  when they 
appear i n  a region i n  which the expected spectrum is  s imple ,  1 
or  i n  a region i n  which the re  is a la rge  energy gap t h a t  is 
expected t o  be free of l i n e s  of any degree of ionizat ion 
whatsoever. 
i n  the energy gap ly ing  above its ioniza t ion  po ten t i a l  i n  the N a  I 
i soe lec t ronic  sequence (1.S.). and below i t s  f i r s t  exci ted 
state i n  the  N e  I I.S.. From Table 1 one can see that the  
ion iza t ion  po ten t i a l  of a n  ion i n  the  N a  I I.S. is about 30% 
lower than t h e  energy of the  f i r s t  exci ted leve l  of an ion 
i n  the  N e 1  1,s.. The Ne I spectrum i s  very simple, expecial ly  
the  f i r s t  exci ted configuration. Between t h i s  configurat ion 
and t h e  ground s ta te ,  two t r ans i t i ons  are possible:  
2s2 2p5 3s 3Po - 2s2 2p6 ]s 
1 0 0 
the  former being of Lower energy. 
I n  our case the l i n e s  f o r  a given element are 
and 2 s 2  2p5 3s l p ;  - 2 s 2  2 p 6  IS , 
On our p l a t e s  there  appear weak Lines of s l i g h t l y  lower 
energy than the above mentioned t r a n s i t i o n s  (see Fig. 1). These 
l i n e s  cannot belong t o  t h e  N e  I I . S .  because the i r  energy 
is  lower than the f i r s t  exci ted state, and of course,  cannot 
belong t o  the  F I I.S. (ground state: 
resonance t r ans i t i ons  of the  Ne I I.S. appear a t  much higher 
2s' 2p5). The non- 
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ABSTRACT 
Resonance lines originating from energy levels far 
above the ionization potential have been observed for 
highly ionized atoms from Ti to Cu. Two of the lines 
for each ion have been classified as the transitions 
- 2 s 2  2p5 3s2 ?Po of the Na I 3/2, 112 2s2 2p6 3s 
isoelectronic sequence. 
are given and a typical spectrogram is presented. 
Wavelengths and energy tables 
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Figure 1. The Vanadium spectrogram reproduced above is a 
typical example of the 2s  2p - 2s 2pr-1 nl 
spectra in the highly ionized atoms of the 
first long period. Th& lines A arise from 
the transitions 2s 2p 3s - 2 s 2  2p 3s 2, while 
the weak lines in the same re ion belong to 
similar types of transitions $ 5 2  2p6(m) - 
2 s  2 2p5 3s ( N L ) ,  where NL is one or more 
electrons. 
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wavelengths. 
lower degrees of ionization. 
lines to transitions of the type 2s 
where NL represents one or more additional electrons in the 
n 2 3 shells. 
3s electron, which give transitions of the type: 
2s2 2p 3s2 2P O 
electronic sequence. In this case we can expect two lines 
of energy difference close to that of the transitions 
The lines must therefore belong to ions of 
It is reasonable to ascribe these 
2p5 3s (NL) - 2s2 2p6 (NL) , 
A first possibility is the addition of another 
- 2s2 2pti 3s 2 s 1 / 2  of the Na I iso- 
312 1/2 
2s2 2p5 3s 'So - 2s2 2p6 3Po,  'P!. Two lines fitting such 1 
a description appear on our plates for all the ions from 
Ti to Cu (Table II), and they have been ascribed accordingly. 
We call these lines Group A in Figure 1. 
The rest of these additional lines are similarly interpreted. 
The lines which are of lower wavelengths than those in Group 
A,  probably arise from levels with an additional electron 
in a shell other than the 3s. The lines which are of longer 
wavelength than Group A probably arise from levels with two 
additional electrons. We have not yet classified these lines. 
Table 111 gives the wavelengths and energies of such 
lines for Ti and V. The wavelengths in Table 2 and 3 not 
including Ni and Cu data were measured to and accuracy of 
better than - +0.0058. 
+ O . O U .  - 
known lines of the same element isoelectronic with Ne I 
For Ni and Cu the wavelength accuracy is 
As references f o r  wavelengths calibration we used 
2 , 3 9 4 .  
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Table 3. Unclassified lines ascribed to transitions of 
I the type 2s2 2p6 (NL) - 2s2 2p5 3s (m) where 
(m) represents one 
- Ti 
26.86 0 3 723 uoo 
27.20* 2 3 676 000 
27.306 2 3 662 200 
27.590 2 3 624 500 
28.000 0 3 571 400 
28.120 u 3 556 I O U  
or more electrons. 
v 
23.678 0 4 223 300 
23.96* 2 4 173 600 
24.083 2 4 152 300 
24.330* 3 4 110 200 
24 . 440 0 4 091 700 
24.654 0 4 056 100 
24.750 0 4 039 100 
* Mifficult Line to measure. 
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